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(54) IMPROVEMENTS IN OR RELATING TO GAS LASERS 



(71) We, Elliott Smothers (Lok- 

toh) Limited, of Century Wodb, Lssvisfeam, 
London, SJL 13, a British Company, do 
hereby declare the invention, for which we 

5 pray that a patent may be granted id m, and 
the method by which it is to be performed 
to be particularly dpyribed in and by the 
following statement: — 
This invention relates to gas lasers. 

10 In the isost general terms, a gas laser com- 
prises an elongated, gas-filled cavity with a 
minor at either end of the cavity and means 
to staanhtET laser action in the gas, causing 
it to emit "light", which term, as used herein, 

15 ittctedfs ultra-violet and infra-red rad iatio n, ss 
well as visible light The actual wavelength 
or wavelengths of emitted "light" will be de- 
pendent do the snb-atnmic properties of the 
gas or gases employed in the laser. 

20 Now* it has been found that the octput 
power and efficiency of a GO* (carbon dioxide) 
laser are limited by dissociation of CO« and 
consequent bmM tip of CO (carbon monoxide) 
during operation of the laser. The dissociation 

25 reaction is as fallows: 

CX) 2 +e>-K:O+0-^C0+0+e- 

This loss of power and efficiency is parti- 
cularly apparent in sealed Jasets, but can be 
off-set in flowing (unsealed) lasers by removal 

50 of the CO and O a (oxygen), and by replace- 
wast of ihe CO> The mote rapidly die CO s 
is replaced, the better is die coutinuous per- 
formance of die laser. However, this improved 
performance has hitherto only been achieved 

35 by replacing the total gas mixture, of which 
He (helium) is the principal componepk cot 
merely by adding extra C0 2 since tins does not 
remove the CO. Since helium is a relatively 
expensive gas, ir will be obvious that such a 

40 replacement procedure is cosdy. This will also 
apply to gas lasexs employing other gps 
matures. 

f 



It is therefore an object of the invention to 
provide a method of op erating a gas laser, a 
laser gas circulation system, and a combina- 45 
don of this system with a gas laser, particu- 
larly bat not exclusive a C0 2 laser, in which 
the maintenance of long term performance 
against the deleterious effects of dissociation 
of the £as or at feast one of the gases em- 50 
ployed in the laser is less cosdy than die re- 
placement of the gas or gas mixture employed 
in the laser. 

According to om aspect of the invention, a 
method of operating a gas laser includes the 55 
step of circulating the gas, or mixture of 
gases, employed in the laser, over a catalyst 
whose prope rtie s are such as to reassociate a 
gas or gases dissociated during use of the 
laser. 60 

Said method preferably includes the further 
step of dragging the tempssose of the gas 
or pses leaving the laser to an optimum tem- 
perature for catalytic reassoriation before the 
gas or gases are circulated over the catalyst. 65 

Said method preferably also includes the 
further step of changing the temperature of the 
gas cet gases, after their passage over the 
catalyst and prior to their re-entry to the 
laser, to an optimum temperature for laser 70 
action. 

According to another aspect of the present 
fflventum, a laser gas circulation system com- 
prises means to circulate the gas, or mixture 
of gases, employed in tbe laser, over a catalyst 75 
whose properties are such as to reassociate a 
gas or pggg dissociated during use of the 

Preferably, means are provided to change 
the tBaTpaBtme of the gas or gases leaving 60 
the laser to an optimum temperature for cata- 
lytic reassociation before die gas or gases are 
circulated over the catalyst. 

Preferably also, means are provided to 
change the temperature of the gas or gases, 35 
after passing over the catalyst and prior to 



their re-entry to the laser, to an optimum 
tanpsratcae for laser action. 

Preferably, the mcdmnkal properties of the 
catalyst, and of any support for the catalyst, 

5 are sw± that parrides of the catalyst (and/or 
of its support) do not become entrained in 
the stream af caculated gas or gases whereby 
the gas in the laser may be kept substantially 
free of foreign material which rnigfct degrade 

10 opgsarion of the laser, and are also stai that 
as large an area of catalyst as possible is 

jftftaetifled to the a rcufctpd gas. 

According to a further aspect of the present 
invention, there is provided a combination 

15 of a gas circulation system as riffineri above, 
and a gas laser. t , _ ^ 

Jsx a C0 2 laser, catalyst may be plat- 
inum, and is preferably supported on a honey 
comb of alumina such as to allow substan- 

20 caflytmimpsifedflowof ps 0?e the platinum 
catalyst while firmly binding the platinum so 
that particles of platinum do not become en- 
trained in the stream of circulated gas or 



25 Thus the taefflScs provides a gas Jaser in 
which the performance of the laser is safe- 
guarded against deleterious effects of gas dis- 
sociation, and which can also ensure an op* 
rimum gas temperature within the laser. 

30 Bafeodfoents of the invention wfll sow be 
described by way of esample wnh reference 
to the accompanying drawings wherein: — 

Figure 1 h a schematic longitudinal cross- 
section of a gas laser; „ , 

35 Figure 2 Is a nbrmps gas flow diagram of 
the invention; m 

Figure 3 is an oblique view, part of which 
is to an enlarged scale, ofa catalyst member 
suitable for use in the ntvention; and 

40 Figure 4 is a schematic diagram of a 

. possible motfificatioa of the laser of Fig. I. 
Referring first to Fig. 1, a gas laser 10 
illustrated therein by way of taampfc of a 
gas laser whkh may incorporate die mvennun. 

45 coninrises an elongated optical cavity 12 
whose ends are tenainated by a fciDyieflectrve 
rnirror 14 and a partially reflective mirror 16. 
The msmff 16 is conrententfy of gennaniusi- 
The cavity 12 is bounded by a ga^tigjit cn- 

50 velope IS of which the mirrors 14 and lo 
torn part Thereof. The envelope 18 is con- 
veniently a glass tube whkh may be water 
coofed by aaeans not showo^ and niaxrporates 
annular end electrodes 20 and Z2, and an 

55 annular central electrode 24, sealed m to the 
envelope IS. The minors 14 ssd 16 arc 
mounted in respective mirror support mem- 
bers 26 and 2S connected to the envelope 18 
by respective flex&k gas-tigjn: members 30 

60 and 32, such as metal bellows. 

Adjustment of the minors 14 and 16 to 
ensure parallelism of the mirrors 14 and 16 
(wtdeb requiremenis are well known m me 
art) may be undertaken by screws 34 in the 

65 mirror support members 26 and 28 bearing 



against bradets 36 and 38 mounted on a 
sappart member 40 serving rigidly to support 
the components of the laser 10. 

A high voltage direct current supply 42 is 
connected to the electrodes 20, 22 and 24* 
through suitable ballast resistors 44 and 46, 
to produce ionisatian in a gas or mixture of 
gases m the cavity 12 such as to permit laser 
action in die gas whereby to prodnce a lass 
beam 43 as is well known in die art The 
ballast resistors 44 and 46 suitably limit and 
stabilise the current (As an alternative to 
direct current, radio frequency power could 
be applied to the gas, or as a further alterna- 
tive, a fla^s tube (not shown) couM be arranged 
adjacent the envelope 18 for puke, as against 
c.w. (continuous wave), operation of the laser 

10 The laser 10 is adapted for circulation of 
as in die cavity 12 by means of an infer port 
52 formed in the efcetrode 20 and an onto 
port 54 formed in the electrode 22. (The 
ports 52 and 54 could be loaned in other 
components of the laser 10V 

jtefri rfng now to Fig. 2 P which is a schem- 
atic diagram of a gas circulation system hi 
accordance with the invention, the outlet port 
54 is eonneesed by way of a gas how control 
valve 56 to a gas heating device 58 followed 
by a caialyst chamber 60, succeeded by a gas 
cooling device 62, a gas circulation device 64, 
a further gas cooling device 66, a gas tap 68, 
and a further gas flow control valve 70 feed in g 
to the inlet port 52. 

Gas leaving the laser 10 by way of the 
outlet port 54 has hs flow rate controlled by 
the gas flow control valve 56 in its passage 
to the gas heating device 58 wherein the gas 
is heated to an optimum temperature for 
catalytic reassociation of the dissociated gas 
or gases in the catalyst chamber 60.^ (The 
form and nature of the catalyst used in the 
catalyst chamber 62 will be subsequently de- 
serted with reference to Fig. 3> 

After its passage through the catalyst 
chamber 60, the gas s cooled in the ojoI- 
ing device 62 and is then passed through tpe 
gas circulation device 64 which serves to cir- 
culate the gas round the er r enfa rio n means. 
The gas circulation device 64 preferably takes 
The farm of "Boots blower", daat is a 
meted multi-lobed muM-romr positive dis- 
placement device 

Thereafter the gas passes through trie 
farther gas cooling device 66, which serves 
to remove any hear which may bave been 
mtxoduced in to the gas in its passage through 
the circulation device 64, and to reduc e the 
tanperamre of the gas to an opsmm tem- 
perature for laser action in the laser 10. 

Thsmg* not forming part of the invention, 
the ranaintkr of die system i&istratedmRfr 
2 will now be described for completeness, lie 
gases framing *e gwrntoe ased a the 
laser 10, to example CO a He, and N x (nitro- 
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gen) in the case of a C0 2 laser, arc provided 
torn gas stosage devices 72, 74, and 76, con- 
TOMcanriy cylinders containing the respective 
gases in a high-pressure state (for compact 

5 storage). Flow control valves 78, SO and 82 
control the relative rates of outflow of gases 
-from the respective gas storage devices 72, 74 
and 76 (to ensure comet propBrt faa fty), a 
gas tap 84 serving to control the total outflow 

10 of gases inso die arcnlatioa means, and m to 
the laser 10. 

A vacuum pimp 86, of any sritibk type, 
serves to exhaust die laser 10 and its associ- 
ated gas circulation system, prior to filling of 

15 the laser 10 by a smsfely proportioned gas 
mixture from the gas storage devices 72, 74 
and 76, thus enabling the setting up of the 
laser 10 for operation. The vacuum pump 86 
may also serve continually to remove a portion 

20 of the gas mixture from the laser 10 -where 
it is not wished to totally recirculate the gases, 
for example if the gases were contaminated, 
such as by vapours from the hot zones of the 
gas circulation system or by vapours from the 

25 crouladoa device 64 (though such contamina- 
tion crmM be mitigated by the provision of a 
cold trap (not shown)). The vacuum pump 
86 can be isolated by means of a gas tap 88. 
Referring now to lug. 3, a form of catalyst 

30 suitable for use in me catalyst chamber 60 
comprises a honeycomb ( jhtx a g o oa l) matrix 90 
of alumina serving to support and firmly bind 
to itself a quantify of finely divided platinum 
(not shown). The overall shape of the matrix 

35 90 conveniently is a cylinder, of one inch 
length and two inches diameter (bottom-left 
of Fig. 3), and the honeycomb may have a 
onendghm inch pitch. The "opp^-rigfai pardon 
of Fig. 3 shows a portion 91 of the matrix 

40 90 to a much enlarged scale to show more 
clearly the form of the matrix 90. A plurality 
of matrices can be employed according to the 
conditions of gps flew. 
Although platinised alumina is preferred for 

45 the catalytic reassodation of dissociated C0 2 
from the laser 10, other suitable catalysts may 
be employed within the scope of die invention. 

The sature of the support for the catalyst 
should be snth mat it presents as little imped- 

50 ance as is practicable to gas flow across the 
support, and that it presents as much area of 
catalyst as possible to the gas while binding 
the catalyst as ikmJy as possible to prevent 
particles of catalyst from becoming entrained 

55 in the stream of gas, thereby obviating con- 
tammatioiiof ifcegas. 

Fig. 4 illustrates a possible modification of 
the laser 10 (Fig. 1) to reduce overall length. 
(Those parts in Fig. 4 which correspond to 

60 the parts of the laser 10 in Fig. 1 have been 
given the same reference numerals). The laser 
is effectively folded in half about its mid- 
point, a 180° reflecting device 92 comprising 
two 90* reflecting surfaces serving to reflect 

65 the laser beam 48 to ensure proper passage 



of the beam 48 through the cavity 12 between 
the mirrors 14 aid 16. Hie laser could be 
*f okJed" more than once further to reduce 
overall length. 

While the above described embodiments of 70 
the invention refer particularly to a CO. laser, 
the invention is applicable to other types of 
gas laser. The gas laser employed may be a 
low pressure (approx. 10 Ton) laser or a high 
pressure (20— 30 Torr) laser. 75 

Lasers to which the invention is applied 
can he continuous or pulsed lasers, and while 
applications of such lasers are particularly en- 
visaged in the realm of laser cutting of cloth, 
welding of synthetic fibres, and coning of 80 
patterns in fabrics, other applications are 
possible, such as in telecmnmunicationso 

WHAT WE CLAIM IS: — 

1. A method of operating a gas laser, in- 
cluding the step of circulating the gas, or mix- 85 
uire of gases, employed in die laser, over a 
catalyst whose properties are such as to re- 
associate a gas or gases dissociated during use 

of the laser. 

2. A method according to Claim 1 includ- 90 
ing the further step of changing the tempera- 
ture of the gas or gases leaving the laser to 

an optimum temperature for catalytic reasso- 
dstion before the gas or gases are circulated 
over the catalyst. 95 

3. A method according to Claim 1 or Claim 
2, Including the further step of changing the 
temperature of the gas or gases after their 
passage over the catalyst and prior to their 
re-entry to the laser, to an optimum tempera- 100 
tore for laser action. 

4. A laser gas circulation system, compris- 
ing means to circulate the gas, or mixture of 
gases, employed in the laser, over a catalyst 
whose properties are such as to reassociate a 105 
gas or gases dissociated during use of the 
laser. 

5. A laser gas circulation system according 
to Claim 4, including means to change the 
temperature of the gas or gases leaving the 110 
laser to an optimum temperature for catalytic 
reassocktioa before me gas or gases arc cir- 
culated over the catalyst. 

6. A laser gas circulation system according 

to Claim 4 or Claim 5, including means to 115 
change the temperature of the gas or gases, 
after passing over the catalyst and prior to 
their re-entry m the laser, so mat the gas or 
gases on entering the laser are at an optimum 
ii ftflipp'i^mj'A for faflpy acti on - 120 

7. A laser gas circulation system according 
to any of Claims 4 to 6, wherein the mechan- 
ical properties of the catalyst and of any 
support for the catalyst are such that par- 
tides of the catalyst (asd of its support) do 125 
not become entrained in the steram of cir- 
culated gas or gases whereby the laser may 

be kept substantially free of foreign material 
which might degrade operation of this laser. 
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8 A laser gas circulation system substanti- 
ally as hereinbefore described with rrference 
to Figs. 2 and 3 of the accompanying draw- 

*f. A combination of a hser gas clarion 
system according to any of claims 4 to 8, and 

a gas laser* „ « . Q 

10. A combination according to claim % 

wherein said laser is a CO* laser. 
1L A combination according to Claim iu 

wheiein die catalyst is platinum. 



12. A combination of a laser m loicuktton 

aSTS laser, st^tialfyos to^ 
£ described with "^J 0 **^ 
and 3, or Figs 1, 2 and 3, or Figs. 2, 3 and 
4 of the accompanying drawings. 

13. A method of operating a gas laser sub- 
stantially as hereinbefore described. 

For the Applets: 
J. D. DOLWIN, 
Chartered Patent Agent. 



ein the catalyst is pauuum. . Q ig ~. 
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